The authors conducted a population-based case-control study of breast cancer in Hispanic women in New Mexico. Hispanic and non-Hispanic white women with incident breast cancer, aged 30-74 years and diagnosed between 1992 and 1994, were identified by the New Mexico Tumor Registry. Controls were selected using random digit dialing and frequency matched by ethnicity, age, and region. Information on reproductive history, lactation, and other risk factors was collected through in-person interviews; 719 Hispanics and 836 non-Hispanic whites were included in the analysis. Conditional logistic regression was used to estimate relative risk of breast cancer for reproductive factors and to assess ethnic differences in effects. Older age at first full-term birth was associated with breast cancer among Hispanics; the odds ratio for women aged 27 years and older at first full-term birth compared with women 18 years or younger was 2.26 (95% confidence interval 1.17-4.38) compared with 1.60 (95% confidence interval 0.86-3.01) for non-Hispanic whites. Higher parity was associated with reduced risk of breast cancer for non-Hispanic whites, but not Hispanics (p < 0.008). Longer lactation was associated with reduced risk in premenopausal Hispanic women and premenopausal and postmenopausal non-Hispanic white women. Reproductive factors explained 17% of the ethnic difference in breast cancer incidence for postmenopausal women and none of the difference for premenopausal women. Am J Epidemiol 1998;148:683-92. breast neoplasm; Hispanic Americans; risk factors
Although the occurrence of breast cancer in the United States shows marked racial and ethnic variation (1) , few studies have investigated etiologic factors among specific ethnic groups. The Hispanic population in the United States is currently estimated to exceed 20 million and is projected to become the largest minority population by the year 2030 (2). Yet, while published studies on the risk factors for breast cancer are extensive for women in the United States and other countries, they continue to be limited for Hispanic women.
The few published descriptive epidemiology studies of breast cancer in Hispanic women have been conducted in the western United States (3) (4) (5) (6) . As in other ethnic groups, the studies show breast cancer in Hispanic women to be the most common cancer and a leading cause of cancer death, and although the incidence and mortality rates among Hispanic women are lower than among non-Hispanic white women, they have risen more rapidly among the Hispanic women (3, 4, 7, 8) . In New Mexico, the incidence rates of breast cancer increased by 56 percent among Hispanic women (from 36.8 to 57.5 per 100,000) and by 17 percent among non-Hispanic women (from 79.6 to 93.3 per 100,000). Over the 30-year period 1958-1987, mortality rates increased 86 percent among Hispanic women (from 10.2 to 18.6 per 100,000) compared with a 35 percent increase in non-Hispanic white women (from 20.3 to 27.5 per 100,000) (3) .
Menstrual and reproductive histories are accepted risk factors for breast cancer in a number of popula-tions, but the effects of these risk factors have not been characterized among Hispanics. In fact, few studies have been conducted to determine whether the effects of these risk factors vary across ethnic groups (9) (10) (11) .
New Mexico offers an opportunity to investigate the etiology of breast cancer in Hispanic women because it has the largest percentage of Hispanics of any state in the United States and also has a statewide cancer registry (12) . New Mexico's Hispanic population is composed of descendants of Spanish colonists of the 16th, 17th, and 18th centuries who extensively intermarried with Pueblo Indians and of recent Mexican immigrants. As part of the New Mexico Women's Health Study, we are presently investigating the etiology of breast cancer in Hispanic women in the state in a population-based case-control study of breast cancer risk factors in Hispanic and non-Hispanic white women. This report on the statewide study presents results for reproductive and menstrual factors, including age at menarche, age at menopause, age at first full-term birth (FTB), parity, induced abortions, and duration of lactation.
MATERIALS AND METHODS
The New Mexico Women's Health Study is a statewide population-based case-control study of breast cancer in Hispanic and non-Hispanic white women. Women newly diagnosed with an invasive or in situ breast carcinoma during the period January 1, 1992, through December 31, 1994 , who were residents of the state and between ages 30-74 years at diagnosis were eligible for the study.
Identification of cases
Eligible women were ascertained by the New Mexico Tumor Registry (NMTR), a population-based tumor registry and a member of the Surveillance, Epidemiology, and End Results Program of the National Cancer Institute. We attempted to interview all eligible Hispanic cases. Because the overall expected number of breast cancer cases for the study period was three times higher for non-Hispanic whites than for Hispanics, we selected a random sample of approximately 33 percent of non-Hispanic white cases while including all Hispanic cases to maximize our power to examine ethnic differences in effects with the available sample size. The sampling strata for non-Hispanic white cases were age group (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) , and 65-74 years) and geographic region defined by seven state health planning districts. The sampling fraction for non-Hispanic whites in each of these 21 strata was chosen to give a distribution similar to the age and geographic distribution of Hispanic cases ascertained by the NMTR in the 3-year period 1988 through 1990.
We identified 490 eligible breast cancer cases in Hispanics and randomly chose 493 non-Hispanic white cases. Of these 983 eligible cases, 711 women (331 Hispanics (67.6 percent) and 380 non-Hispanic whites (77.1 percent)) completed interviews.
Identification of controls
Controls were ascertained using random digit dialing with frequency matching on ethnicity, the three age groups (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) , and 65-74 years), and the seven health planning districts. We used a modified approach to the Waksberg (13) random digit dialing method. To increase the likelihood of generating "working" residential telephone numbers in a largely rural and sparsely populated state, we developed a pool of prefixes based on telephone numbers of cancer cases included in the NMTR database over a 26-year period. This pool was based on those prefixes that had contributed at least one breast cancer case to the NMTR database. To efficiently locate and recruit a sufficient number of older, rural Hispanic controls, we also used a random sample of telephone numbers linked to sex, health planning district, ethnicity, and age group.
We contacted 8,147 working telephone numbers, of which 4,459 were residences. We identified 1,039 eligible controls from 3,400 respondents who completed the telephone interview to determine eligibility based on the age and ethnicity of household residents. Of those eligible, 844 (81.2 percent) were successfully interviewed. Participation rates were 75.9 percent for Hispanics and 86.4 percent for non-Hispanic whites. We were unable to determine overall response rates for controls in each ethnic group because the ethnicity of nonrespondents was unknown.
Data collection
Interviews were conducted in person mainly at a subject's home. The median time between diagnosis and interview was 193 days. A written informed consent was signed at the onset of the interview. Detailed data were collected on the following items: demographic characteristics, reproductive and menstrual histories, use of oral contraceptive and exogenous hormones, family history of breast disease, personal history of breast disease covering all surgeries, medical and screening history, history of radiation, body size, cigarette smoking, history of alcohol consumption, dietary intake, education, income, physical activity, pesticide and herbicide exposure, and acculturation factors. To aid in recall, interviewers used a Reproductive Risk Factors for Breast Cancer 685
calendar that recorded major life events. Only events that occurred before each woman's reference date (date of diagnosis for cases and date of interview for controls) were recorded. The interview required approximately 1.5 hours to complete. All questionnaires were translated into Spanish, and interviews were conducted in Spanish or English according to the participants preference.
Parity was defined as the number of pregnancies lasting 6 months or longer with outcomes of a single birth, multiple births, or a stillbirth. Age at first fullterm birth was defined as the age of the woman at the end of her first pregnancy that lasted 6 months or longer, regardless of the outcome of the pregnancy. Duration of lactation is the cumulative number of months of breastfeeding for all children.
Menopausal status was classified as premenopause, natural postmenopause, surgical postmenopause, or unknown on the basis of self-report of menstrual history, history of hysterectomy with or without oophorectomy, and use of estrogen replacement therapy. Menopausal status was classified at the date of interview for controls and the date of cancer diagnosis for cases. Women were classified as premenopausal if they had had a menstrual period within 1 year of the reference date and were not taking estrogens at the time of their last period. Women were classified as naturally postmenopausal if they had not had a period for at least 1 year prior to the reference date or were taking estrogens at the time of their last period and had not had a bilateral oophorectomy in either case. If a women reported having a bilateral oophorectomy within 1 year of her last period, then she was classified as surgically postmenopausal. Women who reported a first use of estrogens within 1 year of a hysterectomy with or without a report of a bilateral oophorectomy were classified as having postsurgical menopause. Finally, women who reported having a hysterectomy without bilateral oophorectomy within 1 year of their last period and were not placed on estrogens within 1 year of the surgery were considered to have an unknown menopausal status. For women with unknown status, we used ethnic-specific distributions of age at menopause among controls to assign menopausal status. Premenopausal status was assigned to women with unknown status whose ages fell below the 10th percentile (43 years) of this distribution. Postmenopausal status was assigned to women with unknown status whose ages fell above the 90th percentile (54 years) of the distribution. Age at menopause was the age at last natural menstrual cycle followed by 1 year of amenorrhea, after 1 year of hormone replacement therapy, or at the date of bilateral oophorectomy.
Statistical analysis
Odds ratios from conditional logistic regression were used to estimate the relative risk of breast cancer associated with the various reproductive and nonreproductive factors (14) . We adjusted odds ratios for potential confounding variables on the basis of review of the literature, univariate analyses, and change in effect estimates in multivariate analyses. Variables selected for inclusion in models included age (years), body mass index (quartiles of weight (kg)/height (mr), and education (<12, 12, 13-15, and >16 years). Body mass index was unknown for 15 women, and education level was unknown for five women, leaving 701 cases and 834 controls for most of the analyses. Women who had missing data for age at menarche and duration of breastfeeding were also excluded from all models that included these factors. The final model with all nonreproductive and reproductive factors included 698 cases and 826 controls. The conditional logistic regression models were fit using the proportional hazards regression model fitting procedure of the Statistical Analysis System (15) .
For computation of odds ratios and 95 percent confidence intervals for Hispanics and non-Hispanic whites, analyses were stratified by ethnicity. An overall test of significance of the factor for each ethnic group was computed, as well as an overall test of equality of effects in Hispanics and non-Hispanic whites using the Wald chi-square statistic on an appropriate set of contrasts of the model parameters. Effect modification of odds ratios for reproductive and nonreproductive factors by ethnicity was tested using models that included interaction terms. Models also were stratified by menopausal status and included only premenopausal and natural postmenopausal women. Women with unknown menopausal status were classified as premenopausal at age 43 years or younger and as postmenopausal at age 54 or older. Tests of trend were also computed when appropriate, using scores based on the category means (16) .
We estimated the contribution of reproductive risk factors to ethnic difference in breast cancer incidence by computing the relative risk of breast cancer for Hispanic women compared with non-Hispanic white women before and after adjustment for reproductive factors. Sampling fractions for cases and controls for each combination of ethnic group, age group, and planning district were calculated and used as "offsets" in two separate logistic regression models using the method of Cain and Breslow (17) . Logistic regression models were fit separately for the two age groups, 30-49 and 50-74 years, to approximate pre-and postmenopausal status. The first model contained terms for ethnic group and planning district (relative risk (RR)!), and the second model contained terms for ethnic group, planning district, and reproductive risk factors (RR^)-Based on these results, the proportion (P) of the ethnic difference in breast cancer incidence explained by reproductive risk factors was estimated by comparing the effect estimates for ethnicity from the two models (P = (RR 2 -RR,)/(1 -RRi)) (14) .
RESULTS
Reasons for nonparticipation by ethnicity and casecontrol status are shown in table 1. Hispanic women were more difficult to locate, and refusal rates for Hispanic women were higher than for non-Hispanic white women. On average, women with breast cancer were more likely to have a lower parity, an older age at first FTB, and a shorter duration of lactation than control women (table 2) . In general, Hispanic women compared with non-Hispanic white women had a higher parity, an earlier age at first FTB, and fewer abortions and tended to be younger at natural menopause.
Multivariate odds ratios and 95 percent confidence intervals for Hispanic and non-Hispanic white women adjusted for age, body mass index, education, menopausal status, and all other reproductive factors were computed (table 3) . Additionally, results for each ethnic group were stratified by menopausal status because of differences in the pattern and magnitude of the odds ratios (table 3) .
Ethnicity
Although the effect estimate for age at first FTB was greater for Hispanic women (odds ratio = 2.26, 95 percent confidence interval (CI) 1.17-4.38) compared with non-Hispanic white women (odds ratio = 1.60, 95 percent CI 0.86-3.01), the results were not significantly different (table 3) . Overall, the effect of parity on all women showed a decreased risk with increased parity compared with women with only one full-term pregnancy (odds ratio = 0.62, 95 percent CI 0.42-0.91 for S3 pregnancies), but there was no apparent trend. The effect associated with parity was significantly different for Hispanic and non-Hispanic white women (p = 0.008) (table 3) . Among Hispanics, nulliparous women had a higher risk of breast cancer (odds ratio = 2.75, 95 percent CI 1.14-6.63) compared with women who had a single birth. This risk was not apparent for nulliparous non-Hispanic white women (odds ratio = 0.99, 95 percent CI 0.46-2.11). Increasing cumulative duration of lactation was associated with decreasing risk of breast cancer in both ethnic groups; however, the decrease in risk was larger for non-Hispanic whites (odds ratio = 0.58, 95 percent CI 0.35-0.97) compared with Hispanics (odds ratio = 0.78, 95 percent CI 0.48-1.27) (table 3).
The timing of induced abortion in relation to a woman's first FTB appeared to be associated with breast cancer risk, primarily among Hispanic women (odds ratio = 2.29, 95 percent CI 0.92-5.68) (table 3) ; however, our analyses were limited because few induced abortions were reported by women, and data were not independently confirmed. There was no increased risk of breast cancer associated with number of spontaneous abortions for either Hispanic or nonHispanic white women, regardless of adjustment in a reduced or full model.
Menopausal status
Age at menarche, menopausal status, and age at menopause did not have strong influences on the risk of breast cancer in our study population. Menopausal status was not a significant predictor of breast cancer risk among Hispanics or non-Hispanic whites, although women of postmenopausal (odds ratio = 1.36, 95 percent CI 0.92-2.01) and unknown menopausal (odds ratio = 1.24, 95 percent CI 0.86-1.80) status had higher odds ratios than did either premenopausal women (referent group) or women with surgical menopause (odds ratio = 0.90, 95 percent CI 0.61-1.33). Age at menopause was not associated with breast cancer risk in either Hispanic or non-Hispanic white women who had natural or surgical menopause (data not shown). Age at menarche also was not associated witJi risk of breast cancer in either Hispanic or non-Hispanic white women (table 3) .
Older age at first FTB appeared to be a stronger risk factor for postmenopausal than for premenopausal women in both ethnic groups (table 3) . Among postmenopausal women, the odds ratio in the oldest age group (>26 years) compared with the youngest group (<19 years) was 9.22 (95 percent CI 2.54-33.39) for Hispanic women and 2.01 (95 percent CI 0.68-5.95) for non-Hispanic white women. Among premenopausal women, odds ratios for older age at first FTB were lower than those for postmenopausal women in both Hispanics and non-Hispanic whites, but a clear trend of increasing risk with later age at first FTB was not apparent. The risk associated with nulliparity was significantly larger in postmenopausal (odds ratio = 15.59, 95 percent CI 3.28-74.11) than in premenopausal (odds ratio = 2.04, 95 percent CI 0.53-7.94) Hispanic women (p = 0.017), a difference not apparent for non-Hispanic white women (table 3) . The effect of lactation appeared to vary by menopausal status in addition to that seen with ethnicity. Among premenopausal women who had lactated for more than 12 months compared with those who had never lactated, the adjusted relative risk was 0.41 (95 percent CI 0.17-0.98) in Hispanic women and 0.63 (95 percent CI 0.24-1.65) in non-Hispanic white women (table 3) . In postmenopausal women, cumulative duration of lactation was associated with decreased risk in nonHispanic white women (odds ratio = 0.34, 95 percent CI 0.14-0.83), but not in Hispanic women (odds ratio = 1.25, 95 percent CI 0.55-2.86), and the difference between the two groups was statistically significant (p = 0.020) (table 3).
Risk of breast cancer associated with an induced abortion after a first birth was increased for premenopausal women and for postmenopausal Hispanics (table 3); however, the latter, result was based on only one induced abortion.
Proportion of ethnic differences in risk explained by parity, age at first FTB, and duration of lactation
Three reproductive factors, parity, age at first FTB, and duration of lactation, were included in logistic regression models to estimate the proportion of the ethnic difference in breast cancer incidence by menopausal status. The unadjusted and adjusted odds ratios comparing Hispanics with non-Hispanic whites for the premenopausal age group (30-49 years) were 0.88 and 0.87, respectively. For the postmenopausal age group (50-74 years), the unadjusted odds ratio increased from 0.59 to 0.66 with adjustment for these factors. This adjustment for parity, age at first FTB, and duration of lactation explained approximately 17 percent of the difference in breast cancer incidence rates for women aged 50-74 years but none of the difference in younger women.
DISCUSSION
The relation between a woman's risk of breast cancer and reproductive history has been the subject of many investigations (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) . Despite the large number of studies, findings for reproductive risk factors have been inconsistent. The World Health Organization International Collaborators Study and a large number of other large and well-conducted studies have demonstrated that age at first FTB is an independent risk factor for breast cancer and that it accounts for the relations between parity and lactation and risk of breast cancer (23, 25, 28) . Other recent studies have found that parity and lactation are independent determinants of risk and may be more important than age at first FTB (29, 30) . The inconsistent findings from epidemiologic studies are difficult to explain (31, 32) . The large sample sizes of the carefully conducted studies that have come to different conclusions about reproductive risk factors suggest that random or systematic errors are unlikely to account for the differences. Our findings that the prevalence and magnitude of risk factors vary by ethnicity and menopausal status add to the evidence that differences in the ethnic distribution among populations and the relative proportions of pre-and postmenopausal women may account for some conflicting results (10, 11, 33, 34) .
We found that parity is independently associated with the risk of breast cancer in Hispanic and nonHispanic white women; however, the protective effect of increased parity varied in both magnitude and pattern by ethnicity. Nulliparous Hispanics were at a higher risk than nulliparous non-Hispanic whites, but parous Hispanics appeared to have less reduction of risk for increasing numbers of births than did parous non-Hispanic whites. Among postmenopausal women, nulliparous Hispanics had an elevated risk (odds ratio = 15.59) compared with Hispanics who had one or two FTBs, while nulliparous non-Hispanic whites showed no increased risk. The risk of breast cancer decreased for additional births among non-Hispanic Table continues whites, but not for Hispanics. As reported by other investigators, an independent protective effect of parity was observed in some, but not all, Hispanic populations (4, 6, 35) and was greatest in postmenopausal women. The larger protective effect in postmenopausal women might arise from a dual effect of a birth on breast cancer risk: increased short-term risk and decreased long-term risk (36, 37) .
We are unaware of data that might explain the ethnic differences in the effect of parity; however, research suggests that the long-term protection of pregnancy is associated with permanent structural changes in the breast, especially terminal differentiation of target cells and decreased susceptibility to neoplastic transformation by carcinogens (38) (39) (40) . The factors that produce these changes have not been determined, but research has focused on ovarian hormones, growth hormones, insulin, and prolactin (18, 41) . We hypothesize that the effect of a FTB on breast differentiation differs between Hispanics and nonHispanic whites. Among Hispanic women, we postulate that the first FTB produces maximum differentiation in breast tissue, with little effect from subsequent pregnancies. Among non-Hispanic white women, we postulate that multiple FTBs are required to produce maximum breast differentiation. This hypothesis could be tested using breast tissue obtained at autopsy or at reduction mammoplasty using methods developed by Russo et al. (40) .
We found age at first FTB to be a breast cancer risk factor in Hispanic and non-Hispanic white women, but late age at first FTB was associated with greater risk for postmenopausal than for premenopausal women, especially for Hispanics. Other studies in Western Hemisphere Hispanic populations have also reported an increased risk with late age at first FTB (4, 30, 35, 42, 43 ) that was stronger in postmenopausal women (35) . The biologic basis for the effect of age at first FTB is not well understood. Menstrual events did not have a strong influence on the risk of breast cancer in Hispanic women in our study. Studies in minority groups and other populations at lower breast cancer risk, including Hispanic, Japanese, Chinese, and black populations, have also reported that age at menarche has a negligible effect on breast cancer risk in these populations (6, 9-11, 35, 42-44) . The basis for the apparent differences in pattern of risk for age at menarche in high-and low-risk populations is uncertain and warrants further study.
We found that the protective effect of longer duration of lactation varied in both magnitude and pattern between Hispanics and non-Hispanic whites. Among postmenopausal women, the protective effect of increasing duration of lactation was apparent only in non-Hispanic whites. In contrast, the protective effect for duration of lactation in premenopausal women was significant in Hispanics, but not in non-Hispanic whites. Although two cohort studies (45, 46) and various case-control studies with predominantly postmenopausal subjects did not find a protective effect of lactation (47) (48) (49) (50) , several recent case-control studies have also reported a reduction in breast cancer risk associated with an increased duration of lactation (6, 10, 20, 29, 30, 44, (51) (52) (53) (54) (55) Although evidence is mounting to support the protective effect of lactation in a variety of populations, relatively little is known about the underlying mechanisms. The duration of lactation necessary to produce a reduction in breast cancer risk ranges widely from as little as 12 months in this study to as long as 6-8 years (23, 29, 51, 55) . The most commonly proposed mechanisms include a reduction in total number of ovulatory cycles, long-term changes in the secretion of and sensitivity to estrogen and prolactin levels, structural changes in the epithelial cells of the mammary ducts, and the mechanical flushing of carcinogens (23, 29, 35, 51) . These findings may be consistent with our hypothesis regarding the role of breast differentiation and risk of breast cancer. Lactation is associated with an increased proportion of type 4 lobules that are not susceptible to neoplastic transformation (38, 56) . We hypothesize that lactation produces maximal breast differentiation within 12 months and that longer duration adds little to breast lobule differentiation.
Although we have identified a number of reproductive risk factors for breast cancer in Hispanic women, differences in the distribution of parity, age at first FTB, and lactation explain approximately 17 percent of the difference in incidence rates between Hispanic and non-Hispanic white women in postmenopausal age groups and little or none of the difference in rates for women in the premenopausal age groups. The limited role of reproductive factors in explaining ethnic differences for risk of breast cancer in New Mexico women is consistent with findings in other studies of international differences and trends in breast cancer incidence (22) . Studies of ethnic differences in the prevalence of other determinants of breast cancer, such as body size, dietary intake, and environmental exposures, may enable us to explain the observed differences in rates.
A number of limitations affect interpretation of our results. Response rates were reasonably high for both Hispanic and non-Hispanic subjects, indicating that a large selection bias is unlikely, but a potential bias may have arisen from our sampling scheme for controls. Controls were selected by random digit dialing methods that may introduce differences between cases and controls with respect to socioeconomic variables or other factors. To reduce this possibility, we selected controls from strata defined by age, ethnicity, and geographic region to ensure a distribution similar to that of the cases. Finally, information about events and characteristics in the remote past was collected solely from subjects. Inaccurate recall of the timing of events in the distant past could produce a bias, which is, however, likely to be nondifferential and would bias estimates toward the null. In summary, parity, age at first FTB, and duration of lactation were independently associated with the risk of breast cancer in Hispanic women, and the effect of parity and duration of lactation on the risk of breast cancer varied by ethnicity. However, reproductive factors explained only 17 percent of the ethnic difference in incidence for postmenopausal women and none of the difference among premenopausal women.
